Summary Con A acceptor glycoproteins from the human Molt 4 (T cell leukaemia) and HeLa (endocervical adenocarcinoma) cell lines were purified by affinity chromatography and used for the preparation of rat antisera. Cross-absorption analysis showed that each antiserum contained antibodies which recognised cell surface antigens preferentially expressed by the donor cell line. Molt 4-associated antigens were fully expressed on T cell tumour lines and normal thymocytes, but not on non T cell tumour lines, peripheral blood lymphocytes or other blood cells. Immunofluorescence studies showed that the antigens were preferentially expressed on a sub-population of immature thymocytes. HeLa-associated antigens were only fully expressed on one other epithelial tumour cell in a panel of 17 cell lines. Immunofluorescence studies showed that the HeLa-associated antigens were expressed on normal endocervical adenoepithelium but not on ectocervical, endometrial or intestinal epithelia. Thus purified Con A acceptor glycoproteins of cultured tumour cell lines are potent immunogens for the generation of antibodies recognising lineage-associated differentiation antigens. These antigens should be useful in tumour classification and in the study of normal differentiation.
Two-dimensional gel analysis of the Con A acceptor glycoproteins of cultured tumour cells has shown that the complex glycoprotein repertoires expressed by these cells can be classified into two general groups; constant glycoproteins which are expressed by all tumour cells and normal cells of a species and variable glycoproteins which are only expressed by some types of cells (Koch & Smith, 1982) . Since the patterns of variable glycoproteins expressed by cells derived from the same pathway of differentiation are usually similar or even identical (Koch & Smith, 1983) it was concluded that the variable glycoproteins reflect the state of differentiation of the normal precursor cell from which each tumour cell originates. This linkage of the pattern of variable glycoproteins to cell differentiation suggested that they could be of considerable value as markers for the classification of tumours as well as the study of normal differentiation and development. The particular advantages of the Con A acceptor glycoproteins of cultured cells are that each cell type can express up to 50 separate differentiation-linked glycoproteins, they can be readily isolated in a relatively purified form by Con A affinity chromatography and large amounts may therefore be administered to recipient animals for the preparation of polyclonal and/or monoclonal antibodies of the desired specificity.
In this study we have assessed the value of the Con A acceptor glycoproteins of two cultured human tumour cell lines for the generation of antibodies which react with antigens preferentially expressed by the normal cell or tissue from which each tumour was derived. The results show that the anti-glycoprotein antibodies do recognise differentiation antigens associated with the tissues of origin of the respective tumours. Some of these antigens have the novelty of being preferentially associated with the relatively immature cells of a lineage and may therefore provide a systematic approach to the identification and isolation of the early cells of a lineage which appear to be the main source of malignant cells in at least some lineages (Potter, 1978; Greaves, 1981 (Hunter & Greenwood, 1962) were used as control for non-specific binding. All dilutions and washings were carried out in dilution medium (PBS, 10% foetal calf serum, 0.02% sodium azide).
Standard absorption assay for antigen expression Each cell line was serially diluted starting at 2 x 107 HeLa cell equivalents (see below) and mixed with anti-serum (anti-Molt 4 or anti-HeLa glycoproteins at 1:50,000 or 1:10,000 dilution respectively) in a final volume of 200 M1 in Luckham LP3 tubes. After incubation on a rolling mixer for 2 h at 40C, the cells were spun out and the residual antibody activity measured in the standard binding assay. The measure of antigen expression was the maximum absorption (%) achievable by each cell line. Therefore it was necessary to use a starting concentration of cells which was sufficient to ensure a plateau level in the absorption curve for each cell line. Preliminary studies showed that by using a starting cell pellet equivalent in volume to 2 x 107 HeLa cell equivalents the achievement of the maximum absorption was ensured.
It should be emphasised that because the residual activity represents antibodies directed against antigens completely absent from the test cell line the measure of antigen expression (maximum absorption) for each cell line is independent of cell volume, surface area or antigen density. This assay also permits the comparison of antigen expression between cells and acellular material such as tissue extracts, membranes, etc.
Preparation of spleen membranes for absorption Frozen human spleen was thawed and minced with scissors to yield a coarse suspension in 3 volumes of ice-cold PBS. The suspension was dispersed in a Polytron homogeniser and the dense material removed by centrifugation at 1000g. Membranes were collected by centrifugation at 100,OOOg for 1 h onto a cushion of 45% sucrose in PBS. The membranes were diluted and pelletted at 100,OOOg for 1 h to produce a stock suspension. After use in the absorption tests membranes were removed by pelletting at 100,OOOg for 1 h.
Immunofluorescence Molt 4 and the HeLa glycoprotein antisera (1: 100 in dilution medium) were absorbed with human spleen membranes and HT29 colon carcinoma cells respectively to remove antibodies reacting with common antigens. Absorbed Molt 4 glycoprotein antiserum was used at a dilution of 1:200 or 1:1000 and absorbed HeLa glycoprotein antiserum at a dilution of 1: 1000. NA13/4 antibody was from a culture supernatant and was used undiluted.
Rabbit anti-human transferrin receptor serum was diluted 1:100 in dilution medium. Thymocytes or cryostat sections were fixed with formaldehyde as described by Finan et al. (1982) before use. After incubation for 1 h at 20°C with the first antibody, and washing 3 times with dilution medium, samples were incubated with the fluorescent antibody for 1 h at 20°C, washed 3 times with dilution medium, mounted in 50% glycerol in PBS and examined for epifluorescence on a Zeiss microscope. Rat antibodies were developed with Rh-Rartig (1:20) NA13/4 anti-body with Fl-Ramig (1:20) and Rabbit anti-transferrin receptor with . For double labelling experiments on thymocytes, the anti-transferrin receptor antibody was used first, blocked with neat rabbit serum for 30 min at 20°C, followed by the rat/anti-rat antibodies. Fluorescent rabbit anti-rat and antimouse antibodies showed no cross-reaction and could be used in any sequence. Cryostat sections of human ectocervix, endocervix and endometrium were kindly provided by Dr M. Stanley and sections of human intestinal epithelia were kindly provided by Dr P. Ciclitira. They were stained according to the procedure described by Finan et al. (1982) .
Gel electrophoresis SDS gel electrophoresis was carried out according to the method of Laemmli (1970) and stained for protein with Coomassie Blue. 2D-gel analysis with 1251 Con A was carried out as described previously (Koch & Smith, 1982) .
Estimation ofprotein Protein was measured by the Coomassie Blue procedure using bovine serum albumin as standard (Bradford, 1976) .
Results
Isolation of Con A acceptor glycoproteins for immunisation Figure 1 shows the composition of purified glycoprotein preparations from the HeLa and Molt 4 cell lines. When SDS gel electrophoresis is used for analysis a few major bands are observed with the conventional protein stain. However, when analysed by 2D gel electrophoresis in conjunction with 121I Con A overlay it is clear that the preparations contain a large number of Con A binding components. Thus although these preparations are relatively enriched for the Con A acceptor glycoproteins they are still quite complex mixtures of glycoproteins. Figure 4B ). These cells usually had an irregular outline and were amongst the largest cells in the thymocyte preparations. Double immunofluorescence with anti-transferrin receptor antibody and anti-Molt 4 antibody showed that these were also the cells which expressed the highest levels of the transferrin receptor ( Figure 4E,F) . Since high expression of the transferrin receptor is associated with the immature thymic blast cells (Greaves, 1981; Reinharz & Schlossmann, 1981) these observations suggest that the Molt 4 antigens are also preferentially expressed by the immature thymic blasts.
Antibodies to HeLa glycoproteins recognise antigens expressed preferentially by HeLa cells and normal endocervical epithelium The antibodies to the HeLa glycoproteins were examined by absorption analysis with a panel of cultured tumour cell lines (Table II) . Absorption by lymphoblastoid cell lines did not exceed -.40%.
Other cell lines from various epithelial tissues showed somewhat higher levels of absorption i.e. up to 75%. When the HeLa glycoprotein antiserum was completely absorbed with one cell line (HT29) and then re-absorbed with four other cell lines (Molt 4, LEED, RT4 and NB100) no additional absorption occurred, indicating that absorption is not generally additive. Only one cell line examined so far was able to absorb out all the anti-HeLa activity i.e. the laryngeal carcinoma line Hep2. These studies indicated that a significant proportion of the antibodies to HeLa glycoproteins recognised antigens preferentially expressed on the HeLa cell line.
In order to determine whether the HeLaassociated antigens were expressed by cells of the endocervical epithelium, the putative tissue of origin of the HeLa cell (Jones et al., 1970) cryostat sections were examined by immunofluorescence staining with the anti-HeLa serum after absorption with the HT29 cell line to remove antibodies to common epithelial antigens. Figure 5 shows sections through the endocervical glands which exhibit a characteristic punctate pattern of staining associated with the outer membranes of epithelial cells.
The specificity of the staining for the endocervical epithelium was examined by immunofluorescence with cryostat sections from ectocervical, endometrial and intestinal epithelia. In all cases the staining was not significant. When the preimmune serum or antiserum absorbed with HeLa cells was used the staining of the endocervical cells was abolished (unpublished observations). Thus the HeLa-associated antigens are preferentially expressed by the cells of the endocervical epithelium. 'Rigby & Franks (1970) 'Klein et al. (1968) ; mNot available; 'Garson et al. (1981); °Nyhan et al. (1970) ; PNot available; qNot available.
Discussion
These studies show that purified Con A acceptor glycoproteins of cultured tumour cell lines are potent immunogens for the production of antibodies with a substantial specificity towards the immunising cell line. A major contributing factor to this is the use of large amounts of purified glycoproteins from cultured cell lines as immunogens. The need to use up to 10 g of tumour cell equivalents in such immunisations was suggested by the preliminary studies which showed that ig quantities of a soluble antigen like chicken ovalbumin were required to generate a satisfactory antibody, and that the 'specific' glycoproteins expressed by the cultured tumour lines are very minor components of such cells. This illustrates one of the advantages of using suitably characterised molecules as immunogens since it can reduce at least some of the uncertainty involved in all such immunisations. It also emphasises the value of using purified immunogens since adequate amounts of minor components can be administered during immunisation.
The main object of these studies was to examine the specificity of the antibodies obtained when purified Con A acceptor glycoproteins were used as immunogens. It is clear that such antibodies show significant specificity towards antigens expressed by the donor cell line. Thus in the Molt 4/HeLa crosscomparison -80% of the antibodies which react with the donor cell line fail to react with the other line (Figure 1 ). In the more general comparisons with unrelated cultured tumour cell lines the nonspecific reactivity is usually around -50% (Tables  I and II) . Thus it is possible to produce an antiserum of high titre and specificity towards the donor cell line by a single absorption with an unrelated line.
The antigens which are preferentially expressed by the Molt 4 cell line are also fully expressed on other cell lines of the T cell lineage. The implication of this linkage to tumour cells derived from a specific lineage is that the antigens are differentiation markers associated with T cell development. This was directly confirmed by the observation that the antigens are fully expressed on normal human Figure 5 Expression of HeLa-associated glycoprotein antigens on human endocervical epithelium. (A) AntiHeLa glycoprotein antibody (1:100 dil) was absorbed once with HT29 cells to completely remove antibodies reacting with common antigens. Cryostat sections were stained as described by Finan et al. (1982) using RhRartig as second layer. Sections through normal endocervical glandular ducts are shown. Control (preimmune and HeLa-absorbed) sera showed no staining of parallel sections. thymocytes, the immature precursors of T cells. Similarly, the HeLa-associated antigens were found on normal endocervical epithelium, the putative tissue of origin of the HeLa cell but not on the other epithelial tissues examined. The main exceptions to this specificity for cells of the same lineage as the donor cell is the HEp-2 cell line which is derived from laryngeal epithelium (Toolan, 1954) but expressed all the antigens recognised by the anti-HeLa antibodies. This similarity in the antigen profiles of the HEp-2 and HeLa cell lines could reflect the properties of the normal epithelial cells from which they originated. However, it has been shown that HEp-2 cells from a number of sources (including the ATCC collection) express the specific markers such as the marker chromosomes, G6PD type A isozyme and lack of Y chromosome associated with the HeLa cell line (Nelson-Rees et al., 1981) . Thus the similarity in the antigen profiles of HEp-2 and HeLa may reflect this putative contamination rather than the properties of authentic laryngeal carcinoma cells. It is worth noting that in view of the numerous reports of HeLa contamination of cell lines, the simple absorption test using the anti-HeLa glycoprotein serum used in these studies could provide a rapid screening assay for HeLa cell contamination in laboratory cultures.
It is interesting that there is no evidence in these studies for antigens which are not expressed by the normal cells from which the tumour cells arise. Thus thymocytes fully express all the antigens detected by the anti-Molt 4 antibodies. It is remarkable that the HeLa cell line which has been in cell culture for several decades (Gey et al., 1952) under poorly controlled conditions should retain the glycoprotein antigen profile of the normal tissue from which it was derived. However these observations are consistent with previous studies showing that the glycoprotein fingerprints of cultured tumour cells do not change during long-term tissue culture (Koch et al., 1983 ). This suggests a general approach to the classification of tumour cell lines where there is an uncertainty about their origin i.e.: anti-glycoprotein antibodies can be prepared, absorbed till they are specific towards the donor cell line, and then used to examine antigen expression on prospective normal tissues.
The absence of most of the Molt 4-associated antigens on mature T cells shows that they are preferentially expressed on the relatively immature cells of the T cell lineage. This is not surprising since it is well-established that T-ALL is associated with the proliferation of cells in the thymus (Reinherz & Schlossman, 1981) . However the indications that the Molt 4-associated antigens are preferentially expressed by the very immature thymic-blast cells is more interesting since there are no known markers which are both T lineage specific and preferentially expressed by the cells at the earliest stages of commitment to this lineage. Such markers could be particularly valuable in the isolation and characterisation of pure populations of prothymocytes.
Although purified preparations enriched for the specific glycoproteins were used as immunogens, it
has not yet been directly demonstrated that these are the antigens actually recognised by the specific antibodies. The immunochemical analysis required for such studies were precluded by the limited amounts of rat anti-serum available. The use of rats rather than larger species such as rabbit or sheep was dictated by the intention to go on to the production of monoclonal antibodies if the antiglycoprotein sera proved promising. It also remains to be determined to what extent the protein and carbohydrate moieties of the glycoprotein immunogens contribute to the specificity of the antibodies. Studies with monoclonal antibodies to tumour cells surfaces have led to the suggestion that the differentiation antigens expressed on cell surfaces are predominantly carbohydrate moieties (Feizi, 1985) . However it has not been excluded that this selectivity for carbohydrate antigens is a reflection of the approaches used in the production of monoclonal antibodies (Feizi, 1985) and not necessarily a reflection of the absence of protein antigens generally. A detailed analysis of the biochemical nature of the antigens recognised by the specific antibodies in the anti-glycoprotein sera could be instructive.
The main outcome of these studies is that they suggest a general approach to the identification of lineage-associated differentiation antigens. It relies on the use of a pure cultured tumour cell population as the source of a purified set of immunogens which can be shown by independent biochemical analyses to be expressed in a lineage-associated fashion. It is expected that by combining these well defined immunogens with the hybridoma technique (Kohler & Milstein, 1975) novel markers for tumour classification and cell differentiation can be identified in a reliable and predictable approach.
